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ABSTRACT

Unplanned Event Records U272346, July 15, 1967 and U272353

July 16, 1967 reported a total of eleven fastener fragments
discovered during the post static firing inspection of the 504
Vehicle Fuel Tank. These fragments were identified as being

from seven fasteners. All failures were found to be caused by
stress corrosion. The recommendations of T5-6539-93, '"Metallurgical
Analysis of a BACB30GZ8-6 Fastener Failure, 503 Vehicle Fuel Tank "
should be followed, i.e., remove unfavorable grain pattern to

raise the stress corrosion threshold, or use a collar which induces
a preload below the existing stress corrosion threshold.

KEY WORDS
Stress corrosion cracking
Aluminum alloy fasteners
BACB30GZ
BACC30P
7075-Té6

Recrystallization
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1.0

2.0

4.0

OBJECT

The object of this study was to determine the cause of failure
of seven BACB30GZ8 fasteners in the 504 vehicle fuel tank.

BACKGROUND

The discovery of nine fragments of BACB30GZ8 fasteners in the
504 vehicle fuel tank was reported in Unplanned Event Record
U272346 July 15, 1967. These fragments consisted of four shanks
fractured at the threads, and five BACC30P8 collars containing
threaded portions of BACB30GZ8 fasteners. Three pairs of frag-
ments were mated indicating that six fasteners failed. Unplanned
Event Record U272355 July 16, 1967 reported the discovery of one
BACB30GZ8 fastener head and the remainder of the fastener in the
504 vehicle fuel tank. In total four whole and three partial
BACB30GZ8 fasteners were discovered failed in post static

firing checkout of the 504 vehicle fuel tank.

Failure of this type fastener was reported in T5-6539-93. This
report analyzed the stress corrosion failure of a BACB30GZ8-6
fastener from the 503 vehicle fuel tank; and analyzed the suscept-
ibility of this type fastener to stress corrosion cracking.
Figure 1 shows the specification control drawing for BACB30GZ,
which is a 7075-T6 aluminum alloy hex-drive protruding shear
head bolt. The five identifiable bolts were all BACB30GZ8-6,
manufactured by the Hi-Shear Corporation. All six BACC30P8
collars were manufactured by the Voi-Shan Manufacturing Company.
Test Report T5-6539-93 concluded that stress corrosion cracking
was caused by a partial recrystallization of metal during heat
treatment, which had lowered the expected stress corrosion thres-
hold of the bolt to a level exceeded by the preload induced by
the collar.

CONCLUSION

It is concluded that seven BACB30GZ8 fasteners from the 504
vehicle fuel tank failed by stress corrosion cracking which
initiated at areas of recrystallization.

RECOMMENDATIONS

It is recommended that these fasteners be manufactured as stated
in T5-6539-93, i.e., to remove the unfavorable recrystallized
grain in the threads and in the head. This can be accomplished
by doing all forming after solution heat treatment. An alternate
solution would be the use of BACC30PR collars which induce lower
preloads.
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5.0

5.1

5.2

5.3

PROCEDURES AND RESULTS

The cause of failure of seven BACB30GZ fasteriers was analyzed
using fractography, metallography, hardness testing and conduc-
tivity measurements. Fracture faces were examined at high and

low magnifications to identify the type of failures. Microscopic
examination determined the fracture mode and whether any irregu-
larities existed in the microstructure of the material. The
temper of the alloy was determined using hardness and conductivity
measurements.

Upon receipt in the laboratory the eleven fastener fragments were
identified and mated where possible. Three threaded fragments
were mated with three remaining portions of fasteners. One head
was mated with a shank. Three fragments were unmated consisting
of one fastener fractured at the second thread and two threaded
fragments. Five fasteners were identified as being manufactured
by Hi-Shear Corporation. The six collars were identified as
being manufactured by Voi-Shan Manufacturing Company. Each fast-
ener was given an arbitrary identification number before analysis
was begun.

Fractographic study at 7X to 30X using a wide field stereoscope
revealed fracture surfaces typical of stress corrosion cracking

in fasteners of this type. Figures 2 - 7 are fractographs of

each specimen showing a distended surface characteristic of the
expansion associated with corrosion in aluminum alloys. Micro-
scopic study of metallographic specimens at 100X and 500X revealed
all fractures to be intergranular, with secondary intergranular
cracking. This type of fracture mode and crack pattern is typical
of stress corrosion cracking in 7075-T6é aluminum alloy. Figures

8 - 13 show the results of microscopic examination. It was noted
in specimen number four, shown in figure eleven that although
failure was in the head to shank transition stress corrosion cra-
cking was also observed in the thread region.

Hardness readings and conductivity tests confirmed the temper
to be T6. The average hardness of four specimens was Rockwell
B 85 while the average conductivity of five specimens was 31.5%
IACS.

Stress corrosion is produced by the interaction of sustained
tensile stress and a corrosion reaction. In all cases failure

and cracking occurred at regions where manufacturing had produced
a recrystallized grain structure and where there was a stress
concentration. The raising of the stress corrosion threshold

by the elimination of recrystallized grain structure or the reduc-
tion of stress concentrations, by the lowering of preload, will
reduce the possibility of failure.
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FIGURE 2 - FRACTURE SURFACES, SPECIMEN 1, 8X

T5-6539-99
REV. SYM. SoEING| No.

| PAGE 5

S-406-68-29 ORIGe 4/65




FIGURE 4 - FRACTURE SURFACES, SPECIMEN 3, 8X

. FIGURE 5 - FIGURE SURFACES, SPECIMEN 5, 8X
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FIGURE 6 - FRACTURE SURFAEE, SPECIMEN 5, 8X
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A - 6X, KELLER'S ETCH

B - 100X, KELLER'S ETCH

FIGURE 8 - MICROSTRUCTURE, SPECIMEN 1
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A-6X, KELLER'S ETCH

B - 100X, KELLER'S ETCH

FIGURE 9 - MICROSTRUCTURE, SPECIMEN 2
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A - 6X, KELLER'"S ETCH

FIGURE 12, MICROSTRUCUTRE, SPECIMEN 5
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SPECIMEN 6, 100X,

A

'S ETCH
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B - SPECIMENS 6 and 7,
6X, KELLER'S ETCH
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C - SPECIMEN 7,
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